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(54) Method for making a planar optical waveguide 



(57) The present invention is a method for making 
planar waveguides. The method comprises the steps of 
providing a workpiece comprising a layer of material 
suitable for the waveguide strip; patterning the layer so 
that the workpiece comprises a base portion and the at 
least one protruding portion; forming a cladding layer on 
the protruding portion; and attaching the cladding layer 



to a substrate. Depending on the composition of the 
workpiece. the process may further require removing 
the base portion to expose the bottom surface of the pro- 
truding portion. With this method, a planar waveguide 
or a planar waveguide amplifier may be fabricated hav- 
ing thickness dimensions greater than 5 ujti, or more 
preferably, in the range of 10-20 urn. 
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Description 

[0001] The present Invention relates to a method for 
making planar waveguides having relatively large thick- 
ness dimensions. The invention is useful in fabricating 
planar waveguide arrays and planar waveguide ampli- 
fiers for communications systems. 
[0002] Optical communications systems can transmit 
optical signals over long distances at high speeds. An 
optical signal is transmitted from a light source to a 
waveguide and ultimately to a detector. Waveguide 
structures such as optical fibers transmit the light sig- 
nals. Basically, a waveguide structure comprises an in- 
ner core region fabricated from a material having a cer- 
tain index of refraction, and an outer cladding region 
contiguous the core comprised of a material having a 
lower index of refraction. A light beam propagated along 
the core will be guided along the length of the waveguide 
by total internal reflection. 

[0003] Planar waveguides are flat waveguide struc- 
tures that guide light In essentially the same way as op- 
tical fibers. A planar waveguide structure comprises a 
higher index core strip of material (the "waveguide 
strip") embedded in a lower index substrate. 
[0004] Optical communication systems typically in- 
clude a variety of devices {e.g. t light sources, photode- 
tectors, switches, optical fibers, amplifiers, and fitters). 
Amplifiers and filters may be used to facilitate the prop- 
agation light pulses along the waveguide. 
[0005] The connections between the various system 
components inherently produce loss in optical commu- 
nication systems. For example, in planar waveguide 
amplifiers it would be desirable to couple planar 
waveguides with a multimode signal collection fiber. 
However, applying conventional processing, planar 
waveguide amplifiers typically cannot be made with 
cores that are more than about 5 jim thick, and conven- 
tional sputtered films have a thickness of about 2-3 urn. 
On the other hand, a multimode signal collection fiber 
has a core that is typically more than 50 ujti in diameter. 
This mismatch in vertical dimension makes It very diffi- 
cult to efficiently couple light from a multimode signal 
collection fiber to a planar waveguide. Losses can 
amount to up to 1 7 dB or in some cases up to — 97 to 
98 percent of the transmitted light. 
[0008] Many other factors also contribute to losses in 
waveguide connections. Such factors include overlap of 
fiber cores, misalignment of the fiber axes, fiber spacing, 
reflection at fiber ends, and the numerical aperture (NA) 
mismatch. If a fiber receiving light has a smaller NA than 
a fiber delivering the light, some light will enter the re- 
ceiving fiber in modes that are not confined to the core 
and will leak out of the fiber. The loss can be quantified 
by the formula: Loss (dB) = 10 log 10 (NA^NA^. Thus, 
significant losses can occur if fibers are mismatched and 
signals are traveling from a large core into a smaller 
core. 

[0007] With the increasing demand for efficient, large- 



scale manufacturing of hybrid integrated opto-electronic 
devices, there is a need to more efficiently couple vari- 
ous waveguide devices together while minimizing loss- 
es. 

5 [0008] The present invention is a method for making 
planar waveguides. The method comprises the steps of 
providing a workplece comprising a layer of material 
suitable for the waveguide strip; patterning the layer so 
that the workpiece comprises a base portion and the at 

10 least one protruding portion ; forming a cladding layer on 
the protruding portion; and attaching the cladding layer 
to a substrate. Depending on the composition of the 
workpiece, the process may further require removing 
the base portion. With this method, a planar waveguide 

is or a planar waveguide amplifier may be fabricated hav- 
ing thickness dimensions greater than 5 ujti, or more 
preferably, in the range of 10-20 pm. 
[0009] The advantages, nature and various additional 
features of the invention will appear more fully upon con- 

20 sideration of the il lustrative embodiments now to be de- 
scribed in detail In connection with the accompanying 
drawings. In the drawings: 

FIG. 1 is a block diagram showing steps of the in- 
25 ventive method; 

FIGS. 2A-2E schematically illustrate a planar 
waveguide structure at various steps of the Fig. 1 
process; and 

30 

FIG. 3 is a schematic illustration of part of an optica! 
communications system using a planar waveguide 
structure fabricated by the process of Fig. 1 . 

35 [Q01 0] It Is to be understood that these drawings are 
for the purposes of illustrating the concepts of the inven- 
tion and are not to scale. 

[001 1 ] Referring to the drawings, Fig. 1 is a schematic 
block diagram showing the steps in making a planar 

40 waveguide. As shown in Block A of Fig. 1 , the first step 
is to provide a workpiece comprising a layer of material 
suitable for the waveguide strip. The workpiece can be 
a bulk disk of the strip material or a substrate-supported 
layer of the strip material. The layer, if desired, can ex- 

45 ceed the thickness of the waveguide strip to be formed. 
[0012] The next step, shown in Block B is to pattern 
the layer of strip material to form at least one protruding 
portion corresponding in dimension to a waveguide strip 
to be fabricated. The patterning can be conveniently ef- 

so fected by photolithography, masking one or more pro- 
truding strips and etching the unmasked material as by 
wet etching. Preferably a plurality of protruding portions 
are patterned to produce an array of waveguides. 
[0013] Fig. 2A illustrates the result of this step on a 

55 workpiece comprising bulk disk 1 00 of core glass. The 
disk is patterned by wet-etching at selected portions so 
that it comprises a base portion 101 and a plurality of 
protruding portion, 102a, 102b, 102d. This can be 
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achieved by etching various channels in the disk. The 
protruding portions have a thickness and width corre- 
sponding substantially in dimension to the waveguide 
strips sought to be fabricated. The disk advantageously 
comprises aluminosilicate glass, but other glasses, 
such as soda-time glass may be used. If It Is desired that 
the waveguide structure should be a waveguide ampli- 
fier, the waveguide strip material should be doped with 
a small percentage of rare earth dopants by techniques 
well known in the art. The preferred rare earth dopant is 
erbium. 

[001 4] Etchants for wet etching the channels may be 
selected from HF etchant (- 1% HF), r^FefCNfe, K 3 Fe 
(CN) 6 , Na2S 2 Q3, and KOH in H 2 0. Alternatively, other 
patterning techniques such as dry etching or microscale 
imprinting can be used to produce the protruding por- 
tions. 

[0015] Ultimately, the protruding portions or 102a, 

1 02b 1 02d. etc., will form the waveguide strips of the 

planar waveguide. Thus, the etching of the channels will 
be controlled to produce protruding portions having the 
desired dimensions. Protruding portions having a height 
(thickness) and/or width dimension of greater than 5p.m 
may be formed. Preferably the channels are etched 
such that the protruding portions have a height h in the 
range of 1 0-20 urn and a width w in the range of 50-1 00 
jim. 

[0016] A third step shown in Block C of Fig. 1 is to 
deposit a cladding layer on the surface of the protruding 
portion(s). The cladding layer can be silica deposited by 
conventional techniques well known in the art It is pref- 
erably deposited by the BPTEOS process. 
[0017] Referring to FIG. 2B, a cladding layer 115 is 
shown deposited over the etched bulk glass, filling the 
channels. The material for this cladding layer will be se- 
lected depending on the waveguide strip material. The 
cladding material should have a lower index of refraction 
than the strip material. Silica cladding material can be 
used with aluminosilicate strip material. A plastic clad- 
ding may be used with a soda-lime strip material. 
[0018] The patterned workpiece with the cladding lay- 
er thereon is then attached to a substrate for the planar 
waveguide (FIG. 1, block D). The cladding layer is at- 
tached to the waveguide substrate. 
[0019] Fig. 2C shows the workpiece 1 00 inverted and 
the cladding layer is attached to the waveguide sub- 
strate 120. The substrate can be any of a wide variety 
of materials including glasses, ceramics and semicon- 
ductors. Preferably it is silicon. A dielectric or insulating 
layer 110, such as a layer of silica (SI0 2 ), may be dis- 
posed on the surface of between the substrate 120. The 
workpiece cladding can be attached to the substrate, by 
molecular bonding, such as with aluminosilicate or sill- 
con, or by other appropriate bonding agents such as ce- 
ramic bakeable pastes. At this stage, the core (protrud- 
ing portions 102a, 102b 102d) may be isolated with 

cladding on three sides and bound to the disk 1 00 at the 
fourth side. There is much flexibility in selecting the type 



of bonding agent because the core is protected from 
contacting th e adhesive. I nterstices 111a, 111b,..., 1 1 1 d, 
between the silica layer 110 and substrate 120 may be 
filled, if desired, with cladding material. 

5 [0020] If the workpiece comprises a thin layer of strip 
material on a cladding material support, the waveguide 
is substantially complete, if the layer of strip material is 
thick or workpiece is a bulk disk of strip material, then 
the next step (Block E of Fig. 1) is to remove the base 

io portion of the workpiece selectively leaving the protrud- 
ing portions. 

[0021 ] Referring to FIG. 2D, the base of the bulk glass 
disk 101 may be etched away, leaving the protruding 
portions 102a, 102b... partially surrounded by cladding 

is layer 1 1 5 to comprise planar waveguide strips. 

[0022] As a further optional final step, a top cladding 
layer 117 may be deposited over the exposed protruding 
portions 102a, 102b (FIG. 2E). If desired, the resulting 
structure may be diced into smaller pieces. 

20 [0023] The method of the invention may be used to 
fabricate a waveguide structure or waveguide amplifier 
having waveguide core strips with relatively large di- 
mensions. For example, a waveguide or waveguide am- 
plifier may be made having cross-sectional dimensions 

25 of tens of microns, i.e., the height of the waveguide strips 
may be greater than 5 um and more preferably in the 
range of about 1 0 urn - 20 um or greater. The width of 
the strips also may be greater than 5 urn and more pref- 
erably in the range of about 30 ^m - 50 urn or greater. 

30 Thus, the method allows for the making of planar 
waveguide structures having larger dimensions than 
possible with conventional methods. Such a structure is 
advantageous as it helps to reduce the vertical dimen- 
sion mismatch between planar waveguides and optical 

35 fibers and thereby to reduce the losses that occur when 
such components are coupled together. The method is 
also advantageous as it can use wet etching which is 
faster than the dry etching and deposition techniques 
conventionally used for producing planar waveguides. 

40 [0024] FIG. 3 shows a communications system com- 
prising a transmitter 100, an amplifier 60 fabricated by 
the inventive method, and a detector 200. The amplifier 
60 has larger dimensions than planar waveguides made 
using conventional processing. These dimensions ena- 

45 ble more efficient coupling with optical fibers 1 1 0a, 1 1 0b. 
Couplers 55, 75 are used to connect the planar 
waveguide 60 to input 1 1 0a and output 1 1 0b fibers. Ad- 
vantageously, these couplers have the configuration de- 
scribed in applicant's co-pending US patent application 

so serial No 09/663,014, entitled "Article Comprising a 
Multimode Optical Fiber Coupler. 
[0025] More particularly, the couplers 55, 75 each 
comprise a plurality of fibers with claddings that are ta- 
pered from zero thickness at the first ends of the fibers 

55 to a final thickness at the second ends (or "cladded 
ends") of the fibers. At the first ends of the fibers (also 
referred to herein as the "core exposed ends"), the core 
is exposed i.e. there Is no surrounding cladding. The ta- 
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pered fibers are arranged so that their core-exposed 
ends are bundled together. The bundle Is preferably 
formed into a single rod such as by fusion to define bun- 
dles 51 , 71 , respectively, of couplers 55, 75. The bun- 
dled t fused ends are coupled to the cores of the optical 
fibers 110a : 110b, carrying the transmitted signal. 
[0026] At the input end, a free space combiner 54 is 
used to combine signals from a pump input fiber 50 and 
signal input fiber 52 which are directed into the first fiber 
coupler 55, having bundle 51 at the input end. The plu- 
rality of fibers comprising the bundle 51 have claddings 
that are tapered outward, so that the fibers in the bundle 

are splayed into Individual fibers 57a, 57b 57d, and 

coupled to an array of large dimension waveguide strips 
61a, 61b, 61c, 61 d of the planar waveguide amplifier 60. 
The second coupler 75 is connected at the output of the 
planar waveguide 60 with light from each of the 
waveguide films being directed Into individual splayed 
fibers 77a, 77b,..., 77d, that are tapered down into fiber 
bundle 71 . Light from bundle 71 could be directed into 
output fiber 72 toward receiver 200, and/or a splitter 74 
may be disposed in the output path. The receiver bundle 
71 can be optimized independent of the input con- 
straints. According to another aspect of the invention, 
the receiver bundle 71 is continued as a "fiber bundle 
transmission line" (not shown) to a remote location and/ 
or to the detector. This approach may be advantageous 
in that smaller cores will produce less dispersion than 
larger cores, as they support fewer modes. 
[0027] The cores of the optical fibers 1 1 0a, 1 1 0b, may 
be relatively large, e.g., greater than 50 uxn, and multi- 
mode collection fibers may be used and coupled to the 
planar waveguide amplifier. Yet, there is little or no loss 
with this configuration. The number of fibers used in the 
bundles, the dimensions of the fiber cores and planar 
waveguides, the degree of taper, the composition of the 
components, and other design considerations may be 
adjusted depending on the application as one skilled in 
the field would appreciate. In matching the coupler with 
the planar waveguides and/or multimode fiber, a match- 
ing consideration is that the cross-sectional area of the 
core, times the square of the numerical aperture, opti- 
mally should be the same on both sides of a juncture. 
In other If "A" denotes the cross-sectional core area for 
signal input or output and NA is the numerical aperture, 
then A x (NA) 2 should be substantially constant through- 
out the system. 

[0028] The invention is advantageous in that planar 
waveguides may be more efficiently fabricated and also, 
they may made with larger dimensions to reduce the 
vertical dimension mismatches and allow for coupling of 
planar waveguides with multimode collection fibers and 
other large core fibers. Planar waveguide amplifiers 
may be more highly doped than optical fiber amplifiers. 
Additionally, in multimode applications, dispersion is an 
important factor as an increase in modes results in 
greater dispersion. With this invention, there is no modal 
noise penalty In the amplifier, beyond the modal disper- 



sion in the individual waveguides, which is small, given 
the dimensions of the waveguides. Additionally, with the 
invention an increase in the input image size does not 
impact upon {e.g., cause or increase) a modal noise 

5 penalty. By providing low-dispersion optical amplifica- 
tion, the invention increases the flexibility of the system 
with regard to use of photodetectors. Using convention- 
al systems, avalanche diodes are too slow for 10 Gbit/ 
sec detection (per channel), and while PIN diodes are 

10 fast enough, they are not sufficiently sensitive. Low-dis- 
persion optical amplification addresses these problems 
with conventional systems by enabling use of avalanche 
diodes as photodetectors. 

[0029] With this invention, the amplification of individ- 

15 ual wavegu ides 61 a . . .61 d may be manipulated to com- 
pensate for or create possible patterns in the image. Al- 
so, the planar waveguides may be structured to reduce 
dispersion, ft is beneficial to utilize a narrower core In 
the planar waveguides (i.e., in the height dimension par- 

20 allel to the substrate surface and transverse to the prop- 
agation direction), to support fewer modes and hence, 
cause less dispersion. The waveguide amplifier struc- 
ture 60 may be pumped in a cladding-pumping mode 
from the side by one or more extended cavity laser 

25 pumps schematically illustrated at boxed region 80 
(FIG. 3). This edge-pumping scheme may be helpful in 
increasing pumping efficiency -- the pumping efficiency 
of planar waveguides is typically lower than that of op- 
tical fibers. The cladding of the planar waveguide may 

30 be so shaped and dimensioned as to confine the edge- 
pumped radiation, e.g., it may be a ring-shaped or ser- 
pentine cladding arrangement. 
[0030] It is understood that the embodiments de- 
scribed herein are merely exemplary and that a person 

35 skilled in the art may make variations and modifications 
without departing from the scope of the invention. 



Claims 

40 

1 . A method for making a planar waveguide compris- 
ing a waveguide strip on a waveguide substrate, the 
method comprising the steps of: 

is providing a workpiece comprising a layer of ma- 

terial suitable for use as the planar waveguide 
strip; 

patterning the layer so that the workpiece com- 
prises a base portion and at least one protrud- 

so ing portion, wherein the protruding portion cor- 

responds substantially in dimension to the 
waveguide strip to be fabricated; 
forming a cladding layer on the workpiece over- 
lying the protruding portion; and 

55 attaching the cladding layer to the substrate. 

2. The method of claim 1 further comprising the step 
of removing the base portion of the workpiece after 
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attaching the cladding layer to the substrate. 



protruding portion. 



The method of claim 1 or claim 2 wherein the sub- 
strate comprises a dielectric layer and the cladding 
layer is attached to the dielectric layer. 



14. An optical communications system including a pla- 
nar waveguide fabricated according to any preced- 
ing claim. 



The method of claim 1 , 2 or 3 wherein the layer of 
waveguide strip material comprises aluminosili- 
cate. 

The method of claim 3 wherein the dielectric layer 
comprises silica. 

The method of any preceding claim wherein the pat- 
terning step comprises wet etching. 

The method of any preceding claim wherein the pat- 
terning step comprises etching portions of the layer 
to define at least one protruding portion having a 
height dimension greater than 5*im. 

The method of claim 7 wherein the patterning step 
comprises etching portions of the waveguide strip 
layer to define at least one protruding portion having 
both height and width dimensions of greater than 
5p.m. 

The method of claim 8 wherein the patterning com- 
prises etching portions of the waveguide strip layer 
to define at least one protruding portion having both 
height and width dimensions greater than IOujti. 
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1 0. The method of any one of claims 2 to 9, further com- 
prising a step of depositing a second cladding layer 
over the protruding portion. 35 



11. A method for making a planar waveguide structure 
comprising the steps of: 

providing a bulk disk of a material suitable for <o 
use as the waveguide strip; 
etching selected portions of the disk so that the 
disk comprises a base portion and at least one 
protruding portion, wherein the protruding por- 
tion corresponds substantially in dimension to 45 
the waveguide strip: 



forming a first cladding layer on the top sur- 
face of the protruding portion; 
attaching the first cladding layer to a sub- so 
strate; and 

removing the base portion of the bulk disk. 

1 2. The method of claim 1 1 wherein the bulk disk com- 
prises glass doped with a rare earth dopant 55 

13. The method of claim 11 or 12, further comprising a 
step of depositing a second cladding layer over the 
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FIG. 1 



PROVIDE WORKPIECE HAVIN6 
WAVEGUIDE STRIP LAYER 



PATTERN STRIP LAYER TO 
FORM PROTRUDING PORTIONISI 



DEPOSIT CLADDING LAYER 
ON PROTRUDING PORTION 



ATTACH CLADDING LAYER TO SUBSTRATE ^ D 



DEPOSIT TOP CLADDING 
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